Introduction {#S0001}
============

Hepatocellular carcinoma (HCC) is the second leading cause of cancer-related death worldwide,[@CIT0001] and its incidence is increasing globally.[@CIT0002] Without adequate diagnostic and prognostic biomarkers, the few effective treatments result in a poor prognosis of HCC, which is approximately 3--11% for 5-year survival rates.[@CIT0003] Owing to the limited understanding of the molecular mechanisms underlying HCC pathogenesis, developing specific and efficacious pharmacological strategies to treat, stop, or prevent progression to advanced stages is challenging.[@CIT0004] Therefore, this study aimed to find an effective diagnostic and therapeutic target, with the goal of prolonging the survival time of patients with HCC.

Collagens are a series of extracellular proteins that impart structural completeness to the connective tissue of almost every organ system. The collagen family includes 28 different α-chain trimers or types that give rise to a large variety of suprastructures, such as fibrils, filaments, and networks.[@CIT0005],[@CIT0006] Collagen is also the main component of the tumor extracellular matrix, and it plays an important role in the development of tumors.[@CIT0007],[@CIT0008]

Many studies have investigated the collagen family in HCC. Hepatocellular carcinoma is primarily associated with cirrhosis. Elastin and collagen proteins are abundant in liver cancer tissue, and their relationship with prognosis is gradually being emphasized.[@CIT0009] Dr Liu et al[@CIT0010] have indicated that activation of the PTK2-PI3K/Akt/mTOR pathway by COL4A1 and COL4A2 may contribute to hepatocarcinogenesis. Moreover, Dr Kimura et al[@CIT0011] have found that COL15A1 is up-regulated in HCC, and it contributes to the capillarization of HCC. Furthermore, Dr Zhang has demonstrated[@CIT0012] that collagen I enhances tumor cell proliferation and the epithelial-mesenchymal transition of HCC, and is predictive of the progression of residual HCC cells after suboptimal heat treatment. Dr Ma et al[@CIT0013] have also found that COL1A1 promotes Slug-dependent epithelial-to-mesenchymal transition, thereby enhancing the invasion and metastasis of HCC.

COL24A1, which is predominantly expressed in bone tissue, is a poorly characterized member of the fibril-forming family of collagen molecules.[@CIT0014] This type of fibrocollagen may play an important role in regulating the physiological processes of bone and cartilage. The low level of COL24A1 expression observed in non-skeletal tissues (such as the brain, eyes, and other organs) suggests that this protein may play a broader role in organogenesis.[@CIT0015] In addition, Dr. Kiyoshi has demonstrated that the overexpression of the COL24A1 gene may be a valuable biomarker for prognosis in HNSCC.[@CIT0007]

Certain markers, such as AFP,[@CIT0016] AFP-L3,[@CIT0017] GCP3,[@CIT0018] and MDK,[@CIT0019] have often been used in HCC diagnosis. Nevertheless, most of these markers are unlikely to exactly reflect the diagnostic and therapeutic efficiency.[@CIT0020] Thus, we evaluated the expression of COL24A1 in the TCGA, ICGC, and Oncomine databases and clinical samples to examine its clinical significance in HCC. In addition, we determined the expression of COL24A1 by using many analytical methods to further explore the molecular mechanisms of COL24A1 in the process of HCC.

Materials and Methods {#S0002}
=====================

TCGA Database Analysis {#S0002-S2001}
----------------------

To explore the expression of COL24A1 in HCC, we downloaded data for 374 HCC and 50 NH tissue samples in aggregate from the TCGA database ([<http://cancergenome.nih.gov/>]{.ul}). Clinical variables, such as age, sex, pathologic stage, tumor grade, and AJCC TNM cancer stage,[@CIT0021],[@CIT0022] were used for the assessment of the correlation between the expression of COL24A1 and these parameters.

ICGC and Oncomine Database Analysis {#S0002-S2002}
-----------------------------------

A total of 240 HCC and 202 NH tissue samples were downloaded from the ICGC database ([<https://icgc.org>]{.ul}), and the differential expression was examined. A total of 75 HCC tissue samples were collected from the Oncomine database ([<https://www.oncomine.org>]{.ul}) and used to investigate clinical and prognostic differences.

RNA Sequence Data Processing and Differential Expression Analysis {#S0002-S2003}
-----------------------------------------------------------------

DEseq, edgeR, and the limma package inR[@CIT0023]--[@CIT0026] were used to confirm the differentially expressed mRNAs (DEmRNAs) between the HCC and NH tissues. To obtain sufficiently strong and convincing results in this large sample size, we used a false discovery rate (FDR) \<0.01 and fold change \>10 as thresholds indicating differential RNA expression. The heat map and volcano plots were constructed with the ggplot2 package in R.[@CIT0027]

Differential Gene Function and Protein--Protein Interaction (PPI) Network Analysis {#S0002-S2004}
----------------------------------------------------------------------------------

The Gene Ontology (GO) analysis of g:profiler ([<http://biit.cs.ut.ee/gprofiler/gost>]{.ul}) was used to provide GO terms for DEmRNAs, and to identify significant biological functions[@CIT0028] (FDR \< 0.01). To elucidate the molecular mechanisms of the cellular activities regulating tumorigenesis, the construction of a PPI network is imperative. The PPI network for screening genes was established with the STRING online database, and the interaction score was set to ≥0.4.[@CIT0029] In addition, the results were delineated in Cytoscape software.

Validation of Differential Expression in GEPIA and HCCDB {#S0002-S2005}
--------------------------------------------------------

GEPIA was developed by Dr. Zhang's laboratory at Peking University. The data source of this tool is the TCGA database. We used this tool to analyze the expression of COL24A1 in different tumors and to explore the varying prognosis associated with differential expression of COL24A1 in all tumors.

HCCDB was provided by Tsinghua University to verify the repeatability of identification of HCC gene expression patterns and the annotation of transcripts.[@CIT0030] In this database, we analyzed the expression of COL24A1 and co-expressed genes in HCC.

Expression of COL24A1 in Clinical Samples and Cell Lines {#S0002-S2006}
--------------------------------------------------------

To further identify the COL24A1 mRNA expression differences between HCC and NH tissues, we collected 80 pairs of clinical cases from the Shengjing Hospital of China Medical University between January 2017 and December 2018. All patients (61 males and 19 females; median age, 61.5; range, 37--77 years old) were postoperatively diagnosed with HCC. We also cultured HepG2, Huh-7, and LO2 cells simultaneously. All the three cell lines were purchased from the Cell bank of Chinese Academy of Sciences, Shanghai. RNA from each sample, including cells, HCC, and NH tissues, was extracted according to the TaKaRa RNAiso Plus protocol. Next, the expression of COL24A1 was measured with TaKaRa TB Green^TM^ Premix Ex Taq^TM^ II (Takara Biomedical Technology, Beijing) with a Roche LightCycler^®^ 480 system. In this case, β-Actin was used as an internal standard. The PCR cycle protocol used the following parameters: 1 cycle of 30 s at 95°C, 40 cycles of 95°C for 5 s, and 60°C for 20 s. The fold change in expression was calculated with the 2^−ΔΔct^ method. The primers used are as follows: COL24A1 forward: 5′-CCCAGCACGAATCTGCAAAG-3′, reverse: 5′-GTCTGGCCACCAGCACTGAA-3′; and β-Actin forward: 5′-TGGCACCCAGCACAATGAA-3′, reverse: 5′-CTAAGTCATAGTCCGCCTAGAAGCA-3′. Ethical approval was provided by the Shengjing Hospital of China Medical University Ethics committee.

COL24A1 protein levels were measured by immunohistochemistry (IHC). We collected 40 HCC clinical cases from the Shengjing Hospital of China Medical University from January 2015 to December 2016. All patients (32 males and 8 females; median age, 60.5 years; range, 36--85 years old) were diagnosed with HCC during postoperative examinations. All specimens were HCC tissues. The specimens were embedded in paraffin, and all the tissue blocks were cut into 4 μm thick sections. The rabbit anti-COL24A1 antibody was provided by Biorbyt (California, United States. 1:2000). The expression of COL24A1 in tumor tissues was estimated according to the comprehensive score of COL24A1 staining intensity and positivity rate. Immunostaining was recorded according to the following criteria: 1) staining intensity scores of A: no staining = 0, weak = 1, medium = 2, strong = 3, and 2) positive staining ratio of COL24A1, evaluated as B: range 0 (\< 5%), range 1 (5--50%) and range 2 (\>50%). The total score (A\*B) of COL24A1 expression was divided into low expression (0,1,2) and high expression (3,4,6) groups. Finally, we calculated the correlation between COL24A1 expression in HCC, and patient prognosis and survival time.

Statistical Analysis {#S0002-S2007}
--------------------

Statistical analysis, including receiver operating characteristic (ROC), Kaplan-Meier survival analyses, independent sample *T*-tests and *χ*^2^ tests were performed in SPSS 23.0. Univariate and multivariate analyses were based on Cox proportional hazard regression models. P \< 0.05 was considered to indicate a statistically significant difference.

Results {#S0003}
=======

TCGA Filtering {#S0003-S2001}
--------------

A total of 424 samples from the TCGA database for HCC were used. Two statistical methods in R, DEseq and edgeR, were used to screen differentially expressed genes (DEGs). Venn maps ([Figure 1A](#F0001){ref-type="fig"}), heat maps ([Figure 1B](#F0001){ref-type="fig"}), and volcano plots ([Figure 1C](#F0001){ref-type="fig"}) were constructed for these two groups of DEGs. We selected COL24A1 by combining the results of database screening and the relevant literature. With DEseq statistics, the expression fold change was 15.9 between HCC and NH tissues, and the FDR was 0.0003. Meanwhile, with edgeR statistics, the COL24A1 expression fold change was 15.52 between HCC and NH tissues, whereas the FDR was 3.7\*10^−15^. The difference was clear and significant. Moreover, the expression level of COL24A1 was relatively high, in the top one-third among all detected genes.Figure 1Differentially expressed genes in TCGA and ICGC. **(A**) A total 1399 differential genes were obtained by edgeR and 705 differential genes by DEseq (fold change\>10, P\< 0.01). Venn diagram of data between the two statistical methods were 693 common differential genes. (**B**) We screened Heatmap of 100 signature genes in the differential genes of TCGA database. Each column represents a sample and each row represents one of the 100 genes. The expression levels of the 100 genes are shown in different colors, from green to red with increasing expression. (**C**) We detected 3621 differentially expressed genes (DEGs) in HCC from NH tissues by edgeR and screened volcano plot of DEGs. Each green dot shows a downregulated gene and each red dot shows an upregulated gene (fold change\>2, P\< 0.05). (**D**) Heatmap of the 100 signature genes in the differential genes of ICGC database we screened.

ICGC Validation {#S0003-S2002}
---------------

We also collected 442 samples from the ICGC database to confirm the COL24A1 expression differences between HCC and HN tissues. We constructed a heatmap ([Figure 1D](#F0001){ref-type="fig"}) of 100 significant DEGs, and the expression fold change in COL24A1 was 9.5 between HCC and NH tissues. The FDR was 4.71\*10^−13^. Therefore, the clear difference observed in the TCGA database was also confirmed in the ICGC database.

COL24A1 Expression {#S0003-S2003}
------------------

The analysis of the independent sample *T*-tests of 424 TCGA samples revealed that COL24A1 expression was associated with tumor grade (T=3.234, P=0.001; [Table 1](#T0001){ref-type="table"}), TNM stage (T=2.038, P=0.043; [Table 1](#T0001){ref-type="table"}), T stage (T=2.065, P=0.04; [Table 1](#T0001){ref-type="table"}) and pathologic stage (T=2.038, P=0.043; [Table 1](#T0001){ref-type="table"}) on the basis of pathological diagnosis. We also collected statistical results for 75 tissue samples from the Oncomine database, including comparisons among different grades of HCC ([Figure 2A](#F0002){ref-type="fig"}), different stages of HCC ([Figure 2B](#F0002){ref-type="fig"}), cases with or without vascular invasion ([Figure 2C](#F0002){ref-type="fig"}), and cases with or without satellites ([Figure 2D](#F0002){ref-type="fig"}). As with our clinical specimens, the COL24A1 expression level was detected with PCR. The results indicated that COL24A1 was clearly over-expressed in HCC, rather than NH tissue ([Figure 3A](#F0003){ref-type="fig"}). In addition, in the three cell lines that we cultured, the expression of COL24A1 in the tumor cell lines HepG2 and Huh-7 was significantly higher than that in the normal hepatocyte cell line LO2 ([Figure 3B](#F0003){ref-type="fig"}). As shown in [Figure 4](#F0004){ref-type="fig"}, IHC was used to measure COL24A1 protein expression level, and the IHC staining of COL24A1 in HCC specimens is shown in [Figure 4A](#F0004){ref-type="fig"}--[D](#F0004){ref-type="fig"}, revealing no, weak, moderate or strong staining (X100); [Figure 4E](#F0004){ref-type="fig"}--[H](#F0004){ref-type="fig"} shows high-power field images (X400). Location analysis confirmed that COL24A1 was mainly concentrated in the cytoplasm in tumor cells. χ2 Tests were performed to assess the correlations between COL24A1 expression (low and high) and clinicopathological characteristics ([Table 2](#T0002){ref-type="table"}). The results indicated that high expression of COL24A1 was predictive of later TNM stage and worse tumor grade, but was not significantly correlated with T stage and BCLC stage.Table 1Clinical Association Between COL24A1 Expression and Clinicopathological Variables in HCC PatientsVariable95% CITPTumor Grade (G2-G4/G1)(13.4996, 55.7403)3.2340.001TNM (II--IV/I)(8.4775, 52.2537)2.0380.043Stage T (T~2~-T~4~/T~1~)(1.2011, 53.3549)2.0650.040Pathologic Stage(II--IV/I)(8.4958, 52.4991)2.0380.043 Table 2Clinical Association Between COL24A1 Expression and Clinicopathological Variables in HCC Clinical SamplesVariableNumberCOL24A1 ExpressionP-valueLowHighAge0.616 \>601789 ≤6023914Gender0.038 Male321121 Female862T Stage0.356 T1301416 T2-T41037TNM0.03 I281513 II--IV12210Tumor Stage0.049 G121129 G2-G419514BCLC0.072 A331716 B-D716 Figure 2COL24A1 expression analysis in 75 samples in Oncomine. (**A**) The COL24A1 expression in different grade of HCC. (**B**) The COL24A1 in different HCC stage. (**C**) The different COL24A1 expression in HCC with vascular invasion. (**D**) The different COL24A1 expression in HCC with or without satellites.Figure 3*T*-test of PCR results in 80 pair of clinical samples and 3 cell lines. (**A**) *T*-test of PCR results in 80 pair of clinical samples showed that the expression of COL24A1 in HCC tissues was significantly higher than that in normal hepatic (NH) tissues (\*P\<0.01). (**B**) The expression of COL24A1 in HepG2 and Huh-7 was also significantly higher than that in LO2 cell line (\*P\<0.01)Figure 4Immunohistochemical result in 40 clinical samples. Immunohistochemical staining of COL24A1 in 40 HCC specimens: (**A**--**D**) represent no staining, weak, moderate, strong (X100); (**E**--**H)** are high-power field images (X400).

Diagnostic and Survival Analysis {#S0003-S2004}
--------------------------------

Univariate Cox regression analysis indicated that the OS of HCC was markedly correlated with tumor grade, TNM stage, stage T, pathologic stage, and COL24A1 expression ([Table 3](#T0003){ref-type="table"}). However, multivariate analysis revealed that the expression of COL24A1 and the prognosis of HCC were also significantly ([Table 4](#T0004){ref-type="table"}). Moreover, the OS of patients with HCC in both the TCGA ([Figure 5A](#F0005){ref-type="fig"}) and Oncomine ([Figure 5C](#F0005){ref-type="fig"}) databases, and 40 clinical cases collected from our hospital ([Figure 5D](#F0005){ref-type="fig"}), were analyzed with Kaplan-Meier plotter, and the results indicated that high COL24A1 expression was correlated with shorter OS in patients with HCC. The disease-free survival analysis of COL24A1 in TCGA was also investigated ([Figure 5B](#F0005){ref-type="fig"}). The diagnostic value of COL24A1 in HCC was estimated with a ROC curve (X-axis: 1-specificity; Y-axis: sensitivity). An AUC value of 0.75 revealed a favorable diagnostic value (P \< 0.001; [Figure 6A](#F0006){ref-type="fig"}).Table 3Univariate Analysis of Prognostic Factors of HCCVariableOSHazard Ratio95% CIP-valueAge(≥60/\<60)0.887(0.4358,1.805)0.741Gender(Male/Female)0.5243(0.2576,1.067)0.075Pathologic Stage(II--IV/I)5.72(2.186,14.97)0.000381Stage T(T2-T4/T1)4.761(1.944,11.66)0.000638TNM (II--IV/I)5.517(2.107,14.45)0.000507Tumor Grade(G2-G4/G1)1.569(0.2126,11.58)0.659COL24A1(High/Low)3.196(1.47,6.949)0.00388 Table 4Multivariate Analysis of Prognostic Factors of HCCVariableOSHazard Ratio95% CIP-valuePathologic Stage(II--IV/I)1.461e+07(0.000,Inf)0.9967Stage T(T2-T4/T1)0.746(0.098,5.658)0.7769TNM (II--IV/I)4.124e-07(0.000,Inf)0.9971Tumor Grade(G2-G4/G1)0.6769(0.084,5.423)0.659COL24A1(High/Low)0.896(1.069,5.605)0.0341 Figure 5Survival analysis of COL24A1 in databases and clinical cases. (**A**) Survival analysis of COL24A1 in 374 samples in TCGA database demonstrated that high COL24A1 expression was significantly associated with a reduced OS using Kaplan-Meier Plotter. (**B**) Disease free survival analysis of COL24A1 in 374 samples in TCGA database did not demonstrate that high COL24A1 expression was significantly associated with the reduced OS. (**C**) Survival analysis of COL24A1 in 75 samples in Oncomine database demonstrated that high COL24A1 expression was significantly associated with a reduced OS. (**D**) Survival analysis of COL24A1 in 40 clinical cases demonstrated that high COL24A1 expression was significantly associated with a reduced OS.Figure 6The ROC curve, GO analysis, PPI network analysis, alteration analysis of COL24A1. (**A**) The ROC curve of COL24A1 expression in HCC, the curve indicated that COL24A1 possessed a moderate diagnostic ability for GC (AUC =0.75, P \< 0.001). (**B**) GO analysis of the differentially expressed mRNAs in g:Profiler. (**C**) PPI network analysis of the differentially expressed mRNAs in STRING database. (**D**) A total of 2.1% of HCC cases exhibited COL24A1 transformation in cBioPortal.

Bioinformatic Analysis {#S0003-S2005}
----------------------

According to GO analysis of the DEmRNAs in g:Profiler, COL24A1 was enriched in the terms cellular component and collagen trimer, which contains MARCO, FCN3, FCN2, COLEC10, COL6A6, CCBE1, COL15A1, COL25A1, COL9A1, CTHRC1, DCN, COL2A1, C1QL1, COL24A1, GLDN, and C1QL4. The adjusted P value was 3.796\*10^−4^ ([Figure 6B](#F0006){ref-type="fig"}).

We input all the DEGs screened by Deseq into STRING and obtained 882 DEGs for PPI analysis in Cytoscape. The network was constructed with combined scores ≥0.4 and contained 774 nodes and 8473 edges. Then, a functional module was identified with the MCODE plugin, which comprised seven nodes and 17 edges, including COL24A1, COL15A1, COL25A1, COL2A1, COL6A6, COL9A1, and DCN ([Figure 6C](#F0006){ref-type="fig"}). We also analyzed the prognostic value of the other six proteins according to the TCGA database, and we found that four of them are simultaneously closely associated with prognosis ([Figure 7](#F0007){ref-type="fig"}). The results also reveal the value of COL24A1 in protein interaction and prognosis.Figure 7Survival analysis of COL5A1, COL25A1, DCN, COL2A1, COL6A6 and COL9A1 in TCGA database. Survival analysis of COL5A1, COL25A1, COL2A1 and COL9A1 in TCGA database demonstrated that high expression of them were significantly associated with the reduced OS.

The modification of COL24A1 in 1424 cases of HCC in cBioPortal was investigated[@CIT0031],[@CIT0032] ([Figure 6D](#F0006){ref-type="fig"}). The results revealed that 2.1% (30/1424) of HCC cases presented COL24A1 modification, containing missense mutations (21/1424), amplifications (2/1424), truncating mutations (5/1424), and extensive deletions (2/1424).

Finally, we validated the differential expression of COL24A1 with the GEPIA tool and HCCDB database. In GEPIA, we found that the expression of COL24A1 in 10 tumor tissues---hepatocellular carcinoma, breast invasive carcinoma, cholangiocarcinoma, colon adenocarcinoma, head and neck squamous cell carcinoma, lung adenocarcinoma, lung squamous cell carcinoma, prostate adenocarcinoma, sarcoma, and pheochromocytoma/paraganglioma---was clearly higher than that in normal tissues ([Figure 8A](#F0008){ref-type="fig"}). In addition, we performed statistical analysis of the expression of COL24A1 in all tumors, and the OS curve again validated that high expression of COL24A1 was indicative of poor prognosis ([Figure 8B](#F0008){ref-type="fig"}). Then, in HCCDB, we demonstrated that the COL24A1 expression in HCC tissues was more significant than that in NH tissues in 8 of 10 clinical cohorts ([Figure 9A](#F0009){ref-type="fig"}). COL24A1 was expressed in various tissues, but its expression was low in normal liver tissues ([Figure 9B](#F0009){ref-type="fig"}) and significantly higher in HCC ([Figure 9C](#F0009){ref-type="fig"}). The HCC meta co-expression network is also summarized in this database ([Figure 9D](#F0009){ref-type="fig"}).Figure 8COL24A1 expression analysis in GEPIA. (**A**) The expression of COL24A1 in 10 tumor tissues were obviously higher than that in normal tissues. (**B**) The OS curve of all tumor samples in TCGA validated that high expression of COL24A1 indicated poor prognosis.Figure 9COL24A1 expression analysis in HCCDB. (**A**) COL24A1 expression in 8 of 10 clinical cohorts has significant differences between HCC and NH tissues. (**B**) The expression of col24a1 in normal liver tissues was very low. (**C**) The expression of COL24A1 varied in different tissues and tumors, and the difference was significant in hepatocellular carcinoma. (**D**) HCC meta co-expression network about COL24A1 in HCCDB.

Discussion {#S0004}
==========

HCC is a common malignant tumor worldwide, and it is often diagnosed in advanced stages, when the fatality rate is very high.[@CIT0033] At present, the diagnosis of hepatocellular carcinoma primarily depends on CT, MRI and other imaging methods,[@CIT0034] or some serological indicators such as AFP and AFP-L3.[@CIT0035] The overall detection rate remains relatively low. Therefore, determining effective diagnostic and prognostic targets for HCC is necessary. However, no systematic study on the diagnostic and prognostic value of COL24A1 in HCC has been reported to date.

As shown in two heat maps, the COL24A1 expression in HCC tissues in the two databases was significantly higher than that in NH tissues. In addition, as shown in [Table 1](#T0001){ref-type="table"}, the association between COL24A1 expression and clinicopathological features was evaluated with independent sample *T*-tests. The high expression of COL24A1 indicated more serious tumor invasion, poorer pathologic stage and later clinical stage, and these results were confirmed in our IHC analysis of 40 clinical samples, as shown in [Table 2](#T0002){ref-type="table"}. Simultaneously, as illustrated in [Figure 2](#F0002){ref-type="fig"}, high expression of COL24A1 was also predictive of vascular invasion and the presence of satellites. The analysis of the TCGA and ICGC database suggested that COL24A1 has significantly higher expression in HCC than in NH tissues. The results of our analysis of 80 pairs of clinical samples with PCR tests were essentially the same. Therefore, COL24A1 was inferred to be an oncogene involved in the occurrence and development of HCC. Then, we chose two classic liver cancer cell lines, HepG2 and Huh-7, and one normal hepatocyte cell line, LO2, to further validate the results. As expected, the expression of COL24A1 in HepG2 and Huh-7 was higher than that in LO2. We then used GEPIA to explore the expression of COL24A1 in different tumors, and we found that COL24A1 was highly expressed in at least 10 tumors; thus, also suggesting that COL24A1 expression might be common among different tumors in different organs. Finally, we grouped all tumors according to the expression of COL24A1 and analyzed the prognosis. The OS curve validated that high expression of COL24A1 indeed indicated a poor prognosis. This finding again suggested that COL24A1 may play a similar role in different tumors. However, the underlying mechanisms must be confirmed with more in vivo and in vitro studies.

As confirmed in [Tables 3](#T0003){ref-type="table"} and [4](#T0004){ref-type="table"}, univariate and multivariate analysis indicated COL24A1 expression as an independent prognostic factor. In addition, we grouped the patients from the TCGA and Oncomine databases according to the expression of COL24A1. The results indicated that high COL24A1 expression was exactly correlated with a shorter OS of patients with HCC, and the same trend was also found in our 40 follow-ups of clinical samples. However, as shown in [Figure 5B](#F0005){ref-type="fig"}, when we analyzed the disease-free survival of two groups of cases from the TCGA database, the P value was \>0.05. However, as illustrated in the whole curve, the disease-free survival of the high COL24A1 expression group was still lower than that of the low COL24A1 expression group. Although the difference was not highly significant, this finding may be useful for reference. Finally, the ROC ([Figure 6A](#F0006){ref-type="fig"}) analysis demonstrated COL24A1 had a remarkable diagnostic value for HCC (AUC = 0.75; P \< 0.001).

To date, no specific studies have reported the correlation of COL24A1 expression and other indicators. Because cooperative detection of multiple indicators can increase the diagnostic rate of HCC, we also performed GO analysis and protein interaction network analysis. We found that COL25A1, COL15A1, COL2A1, COL6A6, COL9A1, and DCN, as well as some other related genes and proteins, such as COL5A1, COL25A1, COL2A1, and COL9A1, in the PPI model were significantly associated with the OS. Their co-expression is clearly of great significance for the prognosis of HCC.

In our study, we considered COL24A1 as an effective replacement or supplement to the currently used prognostic parameters. Simultaneously, we detected the alterations in COL24A1 in HCC to identify potential mechanisms in HCC. The results revealed that 2.1% of COL24A1 includes alterations such as missense mutations, amplifications, truncating mutations, and extensive deletions. From GO analysis, PPI network analysis, and mutation type analysis, we inferred that in tumors with late clinical stage, poor pathological classification as well as poor biological behavior, COL24A1 may interact with other proteins in its family, thereby transforming the expression of collagen proteins and proteoglycans such as DCN.[@CIT0036] Changes in these protein components may affect different biological activities of tumors, such as occurrence, development, invasion, and metastasis, and may ultimately lead to different prognosis. Liver cirrhosis is one of the most important steps in the development of HCC. The variety in the expression of collagen family may be associated with the long-term cirrhosis in the occurrence and development of HCC.[@CIT0037] Nevertheless, although the above analysis provides a novel picture for future investigation, further studies are needed to validate the functions of COL24A1 in HCC.

Conclusions {#S0005}
===========

In conclusion, COL24A1 was found to be overexpressed in HCC and to have remarkable diagnostic and prognostic value for HCC. It is expected to become a new diagnostic and prognostic indicator of HCC in the future.
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